Tyrosine hydroxylase (TH) catalyses the initial, rate-limiting step in catecholamine biosynthesis and is therefore responsible for replenishing the stocks of adrenalin and noradrenalin in the adrenal medulla which are depleted following release of these hormones into the circulation. TH is activated in vitro and in vivo by phosphorylation and various kinases have been shown to phosphorylate four sites on this enzyme [l-41. We were interested to investigate whether a novel stress-activated kinase cascade [5] could mediate the phosphorylation and activation of TH. This cascade is triggered by exposure of cells to cellular stresses and inflammatory cytokines (Fig 1) and is analogous to, but distinct from, the 'classical' growth factor-activated MAP kinase cascade. Study of the roles of the novel cascade is facilitated by the use of SB 203580 [6], a specific inhibitor of SAPK-2, a MAP kinase homologue in the novel cascade. Physiological targets for the cascade identified using this inhibitor include the small heat shock protein HSP27 and the transcription factor CREB.
Tyrosine hydroxylase (TH) catalyses the initial, rate-limiting step in catecholamine biosynthesis and is therefore responsible for replenishing the stocks of adrenalin and noradrenalin in the adrenal medulla which are depleted following release of these hormones into the circulation. TH is activated in vitro and in vivo by phosphorylation and various kinases have been shown to phosphorylate four sites on this enzyme [l-41. We were interested to investigate whether a novel stress-activated kinase cascade [5] could mediate the phosphorylation and activation of TH. This cascade is triggered by exposure of cells to cellular stresses and inflammatory cytokines (Fig 1) and is analogous to, but distinct from, the 'classical' growth factor-activated MAP kinase cascade. Study of the roles of the novel cascade is facilitated by the use of SB 203580 [6] , a specific inhibitor of SAPK-2, a MAP kinase homologue in the novel cascade. Physiological targets for the cascade identified using this inhibitor include the small heat shock protein HSP27 and the transcription factor CREB. The stress-actlvated SAPK-2 k i n e cascade. To study the role of the cascade in TH activation, we exposed primary chromaffin cells to sodium arsenite, a chemical stress which mimics many of the effects of heat shock, or sorbitol, an osmotic shock. Arsenite (Fig 2) and sorbitol activated TH but this was prevented by pre-incubation of cells with SB 203580. Arsenite also activated SAPK-2 and MAPKAP Kinase-2 (Fig 2, [7] ).
MAPKAP kinase-2 phosphorylates and activates TH in vitro [8] , so the site on TH phosphorylated following cellular stress Digestion of the labelled TH with trypsin and separation of the resultant peptides by HPLC identiSerine-19 of TH as the site of phosphorylation. This site conforms to the MAPKAP kinase-2 consensus phosphorylation sequence Hyd-X-Arg-X-X-Ser (where Hyd is a bulky hydrophobic amino acid) [9] and is phosphorylated by MAPKAP kinase-2 in vitro. The upstream kinases MKK6 and SAPK-2 (see Fig 1) were also found to be activated by arsenite in chromaffin cells, with kinetics consistent with their involvement in MAPKAP kinase-2 (and therefore TH) activation.
We have shown that TH activation can be mediated by a novel kinase cascade, in addition to previously characterised mechanisms of TH regulation. Whether this mechanism is involved in the physiological or pathological regulation of TH activity in vivo is unclear, but is an interesting subject for further study.
